Summary. An association of ocular colobomata and congenital heart disease was observed in seven patients. Two of these were maternal half sisters whose mother also had ocular colobomata. All the patients had normal karyotypes. There was a high incidence of other associated abnormalities involving the central nervous, skeletal, and urogenital systems. Discovery of an ocular coloboma should alert the clinician to search for other abnormalities.
Colobomatous malformations of the eye may be associated with chromosomal abnormalities (Francois, 1968a) , maternal exposure to teratogenic substances during early pregnancy (Cullen, 1964) , and Mendelian disorders (Waardenburg et al, 1961) , or they may occur without apparent cause. The majority of ocular colobomata are situated inferonasally. Such colobomata are called typical. If situated elsewhere they are called atypical (DukeElder, 1940) . Ocular colobomata may occur alone or in combination with a number of abnormalities of other organs (Franqois, 1968b) . In 1961, Angelman pointed out the association of ocular colobomata with congenital heart disease (Angelman, 1961) . Such a combination of malformations may be seen in certain well-defined chromosomal syndromes, for example, 13 trisomy (Conen et al, 1966; Lee et al, 1966; Warkany et al, 1966) , 13q - (Ailderdice et al, 1969; Orbeli et al, 1971) , 13 ring (Ailderdice et al, 1969; Orbeli et al, 1971; Bilchick et al, 1972) , 18 trisomy (Weber et al, 1964; Warkany et al, 1966) , and cat eye syndrome (Schachenmann et al, 1965; Freedom and Gerald, 1973) . There remain cases who have normal karyotypes. These are usually sporadic (Edwards et al, 1961; Lele et al, 1965) .
Clinical studies of seven patients (Table I) with ocular colobomata and congenital heart disease who had normal karyotypes in cultured blood lymphocytes comprise this report. Two of the patients are maternal half sisters.
Case reports Case 1. A white female was born by breech presentation at term in February 1972. The pregnancy was complicated by diabetes mellitus at 2 months of gestation. The 29-year-old mother and 37-year-old father were not consanguineous. The birth weight was 2670 g, birth length 46 cm, and head circumference 34.5 cm.
Examination revealed dolichocephaly, typical iris colobomata with normal fundi, bilateral cataracts, horizontal nystagmus, prominent bifid xyphoid process, and a heart murmur described as a grade IV/VI ejection murmur loudest at the base and transmitted to the back. Findings from radiological examinations and cardiac catheterization demonstrated tetralogy of Fallot with marked infundibular and valvular pulmonary stenosis, bicuspid pulmonary valve, a large ventricular septal defect, and a right aortic arch. An intravenous pyelogram showed pelvic ectopia of the right kidney. The patient expired at 7 weeks of age due to cardiac failure. Necropsy confirmed the abnormalities described above.
290~~~~~H o, Kaufman, and Podos (Bolk, 1904) . The incidence of congenital heart disease is approximately 4 per 1000 live births (MacMahon et al, 1953) . The probability of the two conditions occurring simultaneously in an individual purely by chance would be extremely small. Gardiner and Joseph (1968) reported that children with congenital heart disease had a high incidence of ocular abnormalities; among 85 patients they studied, one had coloboma of the choroid. Polani and Campbell (1955) studied 377 patients with congenital heart disease, one of whom was reported to have iris coloboma. Warkany (1971) one of them had pericentric inversion of chromosome number one; and the other had a normal karyotype. The seven cases reported by us represent four years of experience without specific survey. The association of ocular colobomata and congenital heart disease is thus felt to be nonrandom. The aetiology of this association of colobomata and congenital heart disease is not known at present. Coloboma of the fundus, with or without involvement of the iris, at the typical position is due to failure of closure of the fetal fissure, which normally occurs in the sixth week of fetal life (Mann, 1964) . The extent to which the cleft remains open determines which tissues of the eye manifest defects. Development of the iris normally begins in the latter part of the third month and is not completed until 8 months of fetal life (Mann, 1964) . Thus, an adverse factor acting after the sixth week of fetal life may result in an isolated coloboma of the iris, without involvement of the ciliary body, retina or choroid. The critical period for the development of the heart is thought to be between 3 and 7 weeks of fetal life (Moore, 1973) . It is possible that a noxious agent present in the critical period of time common to both the eye and the heart might result in malformation of these two organs. This critical time is probably before 7 weeks of fetal life.
Ocular colobomata are most frequently inherited as an autosomal dominant trait and rarely as an autosomal recessive (Waardenburg et al, 1961) or Xlinked recessive trait (Goldberg and McKusick, 1971) . In the family of case 1 and case 2, the recessive form of transmission seems unlikely; because the probability of both unaffected, unrelated fathers being heterozygous is extremely small. The X-linked disease mainly affects males and includes microphthalmos which was not present in our patients. Typical iris coloboma is almost always transmitted as an autosomal dominant trait. We assume that this is the situation in this family. Cataracts were also present in the mother and both children. There was no evidence of intrauterine 22Ho, Kaufman, and Podos infections or galactosaemia. The cataracts appear to be a dominantly transmitted trait. It is uncertain whether or not the congenital heart disease, colobomata, and cataracts are inherited together as a single entity. The mother has a history of a heart murmur, but shows no evidence of congenital heart disease at present. However, 25% of ventricular septal defects present in infancy may undergo spontaneous closure in later life (Bloomfield, 1964) . Thus there is a possibility that the mother may have had a form of congenital heart disease which is not now clinically evident. The fact that both sisters of different, unrelated, normal fathers have congenital heart disease suggests that the predisposition to the congenital heart disease also came from the mother. The patients reported here and those in the literature (Rolando and Jemma, 1959; Angelman, 1961; Edwards et al, 1961; Richards, 1961; Lele et al, '1965 ) have a number of clinical features in common with patients having the cat eye syndrome. That condition, however, appears related to the presence of an extra acrocentric chromosome and involved individuals also have anal atresia (Schachenmann et al, 1965; Freedom and Gerald, 1973) . Franklin and Parslow (1972) described two sisters with 'cat eye syndrome', who had normal karyotypes. Both had anal atresia and tetralogy of Fallot. One had a unilateral iris coloboma and the other had microphthalmos without an ocular coloboma. The parents of their patients were normal, in contrast to our patients, whose mother also had iris colobomata.
Ocular colobomata and congenital heart disease are frequently associated with abnormalities in other organ systems (Table I ). The association of congenital heart disease with vertebral, anal, tracheal, oesophageal, renal, and limb anomalies has previously been reported (Quan and Smith, 1973) . Of our seven cases, five had neurological problems, six had skeletal defects, and five had urogenital anomalies. These findings are in agreement with the cases reported in the literature, which are summarized in Table II 
